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Multi-messenger pic: v, y, CR, GW connections
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Multi-messenger picture

Is it a MM breakthrough limited to local Universe?
Search for cases like Supernova 87A.... Or GW170817

Multimessenger Astronomy

LV Collaboration
Phys. Rev. Lett. 119 2017
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K’ ‘ Neutrlno FO”OW'Up Of GW170817 LIGO/Virgo, ApJL 850 L35 (2017

GW170817 Neutrino limits (fluence per flavor: vy +7y)
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The importance of MM study of accelerator classes

From Bustamante
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Baikal-GVD up. cascades 6 yr (2025)
KM3NeT/ARCA6+8+19+21 up. tracks (4
90% C.L. wl. (ICRC 2025, prelim.)

IceCube HESE 7.5 yr (SPL, 2021)
TceCube cascades (SPL, 2020)
IceCube tracks (SPL, 2022)
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New in 2025

The three existing
large neutrino
telescopes are
independently

We cannot ignore hundred of
astrophysical neutrinos because they
don’t have a counterpart.
Neutrino astronomy means
also understanding the characteristics of
of cosmic accelerator populations

probing the diffuse
flux of TeV-PeV
cosmic v!

Thanks to
Aswathi Balagopal
for providing the

utterflies!

With new electromagnetic surveys + the
arrival of ET we will explore deeper portions
of our Universe making the populations study
crucial for neutrino astronomy

A.MARINELLI

4 METE PADOVA 2025




Setting the v multicomponent energy ranges
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KM3Ne¢'l full sky diffuse v studies

KM3NeT/ARCA21 preliminary, 287 days

3

k= E —a— awa
P -
R i COGMIC ¥ 4 7 (6,3.08, Ym3.07 =]
V.Tsourapis b E . —
PoS 1192 ICRC 2025 8 107k i J=L !
A |
105 i ped
A binned Likelihood bayesian analysis has been L |
performed closing the 1 sigma region of the o
L[] l_' ]
2D parameter space, y and ¢, with the data E .,
102 m_&..».po
of ARCA 6-21 2
10-32““2.5I“ISHI13.5””41“14.5”HSHI 5.5””6
L°910(E|eco / GeV)
KM3NeT/ARCA6+8+19+21 preliminary, 640 days le—17 10-% KM3NeT/ARCA6+8+19+21 preliminary, 640 days
4.0 T 1.4 m— ARCA 6+8+19+21 (this work)
68 % contour = == ANTARES 1f best-fit flux (2018)
3.5 —— 90 % contour 12 " === |ceCube 1f best-fit flux (2022)
— 99 % contour - yEI[2.1,2.7]
301 ——— s T 1077,
® i)
0.8 £
> 25 2 ;
0.6 % K
. o =_
2.0 oa a uEJ 10744
=
1.5 1 ©
-0.2 T
M0 ; ! : P 0 ° 10~

104 10° 10° 107

do [GeV~lem™2 s sr?] x 1078 Energy [GeV]

v A.MARINELLI 6 METE PADOVA 2025



Multimessenger diffuse (Galactic emission

From my rapporteur
talk at ICRC 2025
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'T'he detection of KM3-230213A

On the left we reported the Effective Area obtained using the quality cuts used for the
Selection of KM3-230213A, on the right the equivalent diffuse flux needed to produce one

event with the time of data taking of ARCA19/21 -
10000 times more energetic than LFLC
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'T'he first UH L neutrino - MM perspectives
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'T'he diffuse extragalactic hypothesis
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The vanilla band represents
different classes of
extragalactic objects, mostly

variable and transients as
Blazars, GRBs, TDEs with

luminosity between 10* to
10°* erg/s

IceCube fits

m=f= NST (2022)
e HESE (2021)
m=f=_Glashow (2021)

SPL 68% NST (2022)
SPL 68% HESE (2021)

Models
Cosmogenic band

Sources band

These neutrinos are mostly
produced through the

Expected events in ARCA19-21
in full energy range | in 72 PeV — 2.6 EeV

Tested flux

photohadronic processes

Source (transient) diffuse models

when accelerated cosmic

Pulsar (Fang. et al [43]) 1.3
LL-BLLacs (Rodrigues et al. [45]) 0.56
TDE (Winter et al. [39]) 0.42
LL-GRBs (Boncioli et al. [34]) 0.15
Sample FSRQ (Rodrigues et al. [46]) 1.2 x 1072
LL-GRB (Tamborra et al. [41]) 1.0 x 1072
Sample LL-BLLac (Rodrigues et al. [46]) 5.0 x 1073
s-GRB (Tamborra et al. [41]) 2.8 x 1076

0.47 rays interact with thermal or
0.26 .
£ E 5 10-2 leptonic emitted photons.
2.5 x 1073
46 x 1073
o }8:2 Event rate expected in ARCA2]1
6.6 x 1077 for different diffuse flux cases.
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'I'he diffuse blazar population hypothesis

A statistical analysis has been performed to see under which hypotheses the KM3-230213A
event can be compatible with a population of luminous BL-Lacs

AM3 code has been used to fix the parameters, and obtain the neutrino flux integrating up z=6
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'T'he diffuse GRBs population hypothesis

Similar analysis has been obtained by considering the diffuse GRBs blast wave emission, integrating

the possible neutrino emission up z=5 -
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However recent IceCube stacking analysis pose a upper limit on the diffuse astrophysical flux

Related to prompt GRBs emission at the level of 1% -
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"I'he deep universe observed through the v

For the observed energy we can make the hypothesis to explore of the Universe never explored
before, or in other words the most faraway accelerators observed for such energies
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EM survey of transient powerful events from the deep Universe can have a unique link
with the UHE neutrino events
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Cosmological model used for the paper

2 Cosmological framework to compute neutrino fluxes produced in EG
propagation;

2 Assume that each source is identical and distributed with a given

evolutionm 4 E \7 -
d_E O(fA 10186‘/ Xfcut(E’ ZARcut) X (1 + Z)

2 Fit to UHECR data —> normalization to neutrino flux.

ZImportant parameters to fix : m and z. All the are fitted to
describe UHECR data.
/_\A
Description of
Parameters UHECR Expe§ted
Emission Comoving Injection term
rate density source density source type

L(E, z) = S(z) X Qcr(E)
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Fitting cosmic-ray data with different evolution parameter m

Fractions,on Earth | ) -

LOTEEs - 4 Tkachenko+ 23 - High m~5 — High luminosity sources
R RN S — — Sibyl i)
B e —— : . .
23 e Intermediate m~3 — Star formation evolution

He

m~0 — Stellar mass density

Negative m~-3-5 ——LL BL-Lac. Radio galaxies

Fe

N
OO HO O MO O KX
o U oo in oo \n o

180 185 190 195  20.0 S() o< (1 + )™
Energy, logio E [eV]

%

T TTTT‘IT

veenes, M=FD

%
=Ry
L ]
 0
[ ]
L ]
L ]
9
o
e
Il
O
E [eVPkm?sryr)L

o EYeVikm?sr'yrll
%
[ 3
«
_~ L
- //’:‘ .
°
+
-
——
-————
- e -
5
T 1 TTT\'TI
.
———
—

T TITIIII[
T

ITTT]

10"

PR L W ST S N | P |

\ L PR L1 : PR PN
18 185 19 195 20 Iogw(Eleg?"r’

IITII

A N . CEEEL
185 19 19.5

A.MARINELLI METE PADOVA 2025

-
@

15




Possible cosmogenic origin of KM3-230213A
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— ever seen
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SUMMARY

e IFrom 2013 alot of “orphan” astrophysical neutrinos has been collected.

e [<ven though the next MM breakthrough can come for the nearby Universe
population studies are crucial for neutrino astronomy.

e Incoming KM surveys + the arrival of E'T, LLISA will represent a unique
opportunity to explore the deep powerful Universe.

e |'he population studies should be synergetic to single sources MM
observations, new tensions can tell us more infos about the physics at the
source.

o KM3NeT/ARCA can obtain soon a first full sky VHE neutrino excess.

@ KM3-230213A pave the way for the searching to sources following strong

evolution scenarios.
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